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(54) PLANAR ARRAY ANTENNA 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a low-cost 
and small-loss planar array antenna provided with a 
feeder circuit that is freely designed and that has no 
spurious radiation from parts other than antenna 
elements in the planar array antenna for high 
frequency. 

SOLUTION: The antenna is provided with a 
destination board 40, pluralities of antenna elements 
2 formed on a front side of the dialectic board 40 in a 
form of an array, and a feeder circuit. The feeder 
circuit is formed with a dielectric waveguide 1 
surrounded by a couple of a via-hole conductor array 1 
and a conductor layer configured in the dielectric 
board 40 and placed in parallel at an interval less 

than the 1/2 signal wavelength. The feeder circuit has n-sets of branched parts, a feeder 
pin is provided around the branched part and the dielectric waveguide is formed radially 
around the feeder pin every 360-degree/n to enhance a degree of freedom of the circuit 
design. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] the beer hall of a dielectric substrate, two or more antenna elements formed in the front 

face of this dielectric substrate in the shape of an array, and the pair arranged in parallel less than [ of 

the signal wave length constituted in said dielectric substrate ] at intervals of 1/2 — a conductor — the 

planar array antenna characterized by providing the feeder circuit which consists of a laminating 

mold dielectric waveguide surrounded by the train and the conductor layer. 

[Claim 2] The planar array antenna according to claim 1 characterized by for said feeder circuit 

having n tee, having an electric supply pin focusing on this tee, and forming said laminating mold 

dielectric waveguide in a radial every 360/n times centering on this electric supply pin. 

[Claim 3] The planar array antenna of claim 1 characterized by connecting by the electromagnetic 

coupling said antenna element and said laminating mold dielectric waveguide minded the slot 

prepared in the electric supply pin or the conductor layer. 

[Claim 4] The planar array antenna of claim 1 by which said antenna element is being [ it / one sort 
in an inverted L antenna, a print dipole antenna, a loop antenna, and a spiral antenna ] characterized. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the feeder circuit of the planar array antenna for 

mainly emitting RF signals, such as microwave and a millimeter wave. 

[0002] 

[Description of the Prior Art] Conventionally, various things have been used as a feeder circuit of the 
planar array antenna for emitting RF signals, such as microwave and a millimeter wave. For 
example, the following approaches are learned if a patch antenna is taken for an example. 
[0003] a) How to carry out antenna electric supply on the same flat surface on the microstrip line 
formed in the substrate front face, or the KOPURENA track to the patch antenna formed in the front 
face of a dielectric substrate. 

b) Supply electric power to the patch antenna which forms a feeder circuit in the interior of a 
dielectric substrate in a microstrip line, forms a hole in the electromagnetic coupling by the slot 
vacated for the grand layer, or a grand layer, fits an electric supply pin over the hole, and is in the 
opposite side of a grand layer. 

c) Form a feeder circuit in b in the strip line. 

d) A feeder circuit is formed with a waveguide, form a hole in the electromagnetic coupling by the 
slot vacated for the grand layer, or a grand layer, fit an electric supply pin over the hole, and supply 
electric power to a patch antenna. 

[0004] 

[Problem(s) to be Solved by the Invention] Generally, in the field of a RF, since attenuation of the 
signal strength in a track is large, the transmission line is required to be low loss. Since many 
antenna elements are arranged in order to earn required gain especially in the case of an array 
antenna and the die length of a feeder circuit also becomes long in connection with this, to be 
especially low loss is demanded. Moreover, it becomes important to reduce the extraneous emission 
from other than an antenna element as much as possible and that it is producible by low cost. 
[0005] However, in said a, the extraneous emission of an electromagnetic wave occurs in the corner 
section and the tee of a microstrip line. In b), extraneous emission like [ at the time of a ] is lost, but 
loss by the electric supply pin and the electromagnetic-coupling section occurs. Moreover, when 
based on a slot, an electromagnetic wave is emitted also to the rear face at which the antenna element 
was arranged. In c), radiation at the antenna rear face like [ in b ] is lost, but parallel plate mode 
occurs in the corner section and the tee of a feeder circuit, and the electric supply effectiveness to an 
antenna element deteriorates. Since a waveguide is used for a feeder circuit in d), it is low loss, and 
since there is moreover no extraneous emission from a track, a very efficient array antenna is 
producible. However, since the waveguide itself is thick, the thickness of the whole antenna becomes 
thick, and there is a trouble that cost starts manufacture. 

[0006] Therefore, in the planar array antenna for RFs, the loss of this invention is small, it does not 
have extraneous emission other than an antenna element, either, and it aims at offering the planar 
array antenna possessing the feeder circuit which can carry out a circuit design freely in low cost. 
[0007] 

[Means for Solving the Problem] the result to which this invention person etc. repeated examination 
about the above-mentioned technical problem — a lamination technique — being based — a beer hall - 
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- by forming the dielectric waveguide formed of the combination of a conductor and a conductor 
layer as a feeder circuit, extraneous emission other than an antenna element also has **** small 
without a loss, and it found out that a planar array antenna producible by low cost was producible. 
[0008] namely, the beer hall of a pair where it was arranged in parallel at intervals of less than [ of a 
dielectric substrate, two or more antenna elements formed in the front face of this dielectric substrate 
in the shape of an array, and the signal wave length whom it consisted of in said dielectric substrate ] 
1/2 by the planar array antenna of this invention « a conductor — it is characterized by providing the 
feeder circuit which consists of a laminating mold dielectric waveguide surrounded by the train and 
the conductor layer. 

[0009] Moreover, the thing for which said feeder circuit has n tee, it has an electric supply pin 
focusing on this tee, and said laminating mold dielectric waveguide is formed in the radial every 
360/n times centering on this electric supply pin, To connecting by the electromagnetic coupling said 
antenna element and said laminating mold dielectric waveguide minded the slot prepared in the 
electric supply pin or the conductor layer, and a pan Said antenna element is characterized by being 
one sort in an inverted L antenna, a print dipole antenna, a loop antenna, and a spiral antenna. 
[0010] 

[Embodiment of the Invention] Hereafter, the planar array antenna of this invention is explained 
using a drawing. First, drawing 9 is the perspective view showing an example of the basic structure 
of the dielectric waveguide produced by the sheet lamination technique. According to drawing 9 , 
covering formation of the initiative body whorls 41 and 42 of a pair is carried out in the vertical side 
of the waveguide formation section of the dielectric substrate 40 of thickness a. and between the 
initiative body whorl 41 and 42 is connected electrically — as — the beer hall of a pair ~ a conductor 

— trains 43 and 44 have spacing b and are formed in the waveguide formation direction with the beer 
hall conductor spacing c in parallel. 

[001 1] In addition, although there is especially no limit to said train spacing b, in using by the single 
mode, it is good to consider as about a/2 and about 2a, and the beer hall conductor spacing c forms 
the electric wall by being set as less than 1/2 spacing of transmission signal wave length, according 
to this configuration — the beer hall of the initiative body whorls 41 and 42 and a large number — a 
conductor - the cross-section field of the size of axb surrounded by a train 43 and 44 groups serves 
as a dielectric waveguide. 

[0012] Moreover, the subconductor layer 45 is formed in an initiative body whorl and parallel at the 
both sides so that the above-mentioned initiative body whorl 41 and the axb cross-section field 
between 42 may be pinched, forming this subconductor layer 45 — a beer hall — a conductor — the 
leakage of the electromagnetic wave from trains 43 and 44 can be prevented. Moreover, the above- 
mentioned spacing b is made about into a/2, and since a side face turns into an H plane parallel to a 
field in using in the TE10 mode, if there is no subconductor layer 45, a signal will not spread. 
[0013] If the laminating of the dielectric layer is further carried out to the vertical side of the 
initiative body whorls 41 and 42, the dielectric waveguide of this drawing 9 can lay a dielectric 
waveguide underground in a dielectric substrate, and can form it as an internal circuitry. 
[0014] Next, the example of the planar array antenna of this invention using the dielectric waveguide 
of drawing 9 is shown in drawing 1 . For an antenna element and 3, as for the waveguide corner 
section and 5, the waveguide electric supply section and 4 are [ 1 / a dielectric waveguide (part 
shown by the dotted line), and 2 / the waveguide T junction section and 40 ] dielectric substrates. 
[0015] First, electric power is supplied to a signal by the dielectric waveguide 1 through the electric 
supply section 3 from the rear face of antenna element 2 forming face. A pin is sufficient as the 
electric supply section 3, and it may be an electromagnetic coupling using a slot. Then, a signal is 
distributed by waveguide T junction 5 and drawn to directly under [ of each antenna element 2 ] 
through the waveguide corner section. 

[0016] Drawing 2 is a sectional view for explaining the electric supply structure from the dielectric 
waveguide 1 in the planar array antenna of this invention to an antenna element 2. According to 
drawing 2 , an antenna element 2 forms the dielectric sheet 6 in the upper part of the feeder circuit by 
the above-mentioned laminating mold dielectric waveguide 1, and the antenna element 2 of a print 
mold is formed in the upper part. As an antenna element 2, the antenna element of common 
knowledge, such as an inverted L antenna, a print dipole antenna, a loop antenna, and a spiral 
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antenna, can be used. And the electric supply to an antenna element 2 from a dielectric waveguide 1 
forms opening 7 in the initiative body whorl 41 located in the antenna element 2 formation side of a 
dielectric waveguide 1, can lay under the core of the opening 7 the electric supply pin 8 electrically 
connected with the antenna element 2, or can form a slot in the initiative body whorl 41, can carry 
out the electromagnetic coupling of both through the slot, and can supply electric power. 
[0017] With this operation gestalt, electric supply of all antenna elements is a parallel feed method. 
According to this method, since the track length from the waveguide electric supply section 3 to each 
antenna element 2 is equal, and it is few, it is easy to design a limit of the frequency band on a track. 
Of course, a series feed method can also be used. In this case, although a frequency band becomes 
narrow according to the long track effectiveness, and it is necessary to control the amount of 
association with an antenna element 2 and a design becomes complicated, since feeder way length 
can be shortened compared with a parallel feed method, loss by the feeder circuit can be reduced. 
[0018] Furthermore, in order to generate a circularly-polarized wave when using a series feed 
method or, it may be necessary to control a phase. When such, it is adjusting by changing the die 
length of a feeder circuit conventionally. For this reason, although a track may be bent superfluously, 
if a laminating mold dielectric waveguide is used, since the wavelength in waveguide can be 
adjusted by changing the width of face of waveguide like this invention, it is possible to avoid a 
problem like before. 

[0019] the beer hall of the waveguide comer section [ in / in drawing 3 / a dielectric waveguide ] 4 — 
it is a perspective view for explaining an example of the array of a conductor. In addition, an 
initiative body whorl and a dielectric on top were omitted for explanation, although drawing 3 is the 
waveguide crooked at 90 degrees ~ this case — the beer hall of the comer inside — a conductor — a 
train 10 is formed so that it may be crooked at a right angle — having — the beer hall of a comer 
outside — a conductor — a train 11— the beer hall of the comer of the comer inside — a conductor — 
radius rl centering on 10a It is arranged in the shape of radii. 

[0020] moreover, the beer hall of the waveguide T junction section [ in / in drawin g 4 / a dielectric 
waveguide ] 5 — it is a perspective view for explaining an example of the array of a conductor. In 
addition, an initiative body whorl and a dielectric on top were omitted for explanation, the beer hall 
located in each comer inside in drawing 4 — a conductor — trains 1 2 and 1 3 and the beer hall located 
in a comer outside — a conductor — a train 14 constitutes — having — the beer hall of a corner outside 
— a conductor — a train 14 — the beer hall of the comer of the comer inside — radius r2 centering on 
Conductors 12a and 13a It is arranged in the shape of radii. 

[0021] drawin g 3 and drawing 4 ~ like ~ the beer hall of a comer outside — a conductor — a train — 
the beer hall of the comer of the comer inside — by arranging in the shape of [ centering on a 
conductor ] radii, propagation of an electromagnetic wave can be smoothed, consequently reflection 
can be suppressed small. Thus, it can have drawing 3 and the branching structure of 4, and a feeder 
circuit can be freely taken about for a laminating mold dielectric waveguide as shown in drawing 8 
in the flat surface in a dielectric substrate. 

[0022] Moreover, conventionally, although the combining T, i.e., a dichotomy circuit, has mainly 
been used, branching is the description that the point which can form four branch circuits is also big, 
when using a laminating mold dielectric waveguide, then, the beer hall of four tees [ in / to drawing 
5 / a dielectric waveguide ] — the perspective view for explaining an example of the array of a 
conductor is shown. In addition, an initiative body whorl and a dielectric on top were omitted for 
explanation. According to drawing 5 , four branch circuits can be easily realized by forming 
dielectric waveguides 16, 17, 18, and 19 in a radial every [ 360/] 4= 90 degrees centering on the 
electric supply pin 1 5 at the branch point. 

[0023] Drawing 6 shows an example of a feeder circuit using the dielectric waveguide which has 
four tees of drawing 5 . With this structure, the feeder circuit has two-layer structure and the part 
which the part drawn by the dotted line drew as the lower layer circuit and the continuous line is the 
upper circuit. That is, electric power is supplied [ in / further / in a lower layer, four waveguides 21 
are formed in a radial of 4 from the electric supply pin 20 branch circuits, and / the trailer of each 
waveguide ] by the electric supply pin 22 to 4 of the upper layer branch circuits, four waveguides 23 
are formed in a radial of further 4 branch circuits, and electric power is supplied to the trailer by the 
antenna element (not shown) by the electric supply pin 24, respectively. 
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[0024] According to this example, electric power can be supplied to 16 antenna elements in two 
branch circuits [ four ]. Moreover, although feeder circuit length is the 3 double need for antenna 
element spacing in the thing using the dichotomy circuit of drawing 1 , in the case of drawing 6 , 
feeder circuit length is 3/21/2 of antenna element spacing. It can be shortened twice and, as a result, 
loss by the feeder circuit can be reduced. 

[0025] the beer hall of the trifurcation section [ in / in drawing 7 / a dielectric waveguide ] — it is a 
perspective view for explaining an example of the array of a conductor. In addition, an initiative 
body whorl and a dielectric on top were omitted for explanation. According to drawing 7 , the 
electric supply pin 25 is formed in the center of the branch point, and waveguides 26, 27, and 28 are 
formed in the radial every [ 360/] 3= 120 degrees centering on this electric supply pin 25. 
[0026] Furthermore, drawing 8 is an example of a feeder circuit using the dielectric waveguide 
which has the trifurcation section of drawing 7 . Also in this case, the feeder circuit has two-layer 
structure, and the part which the part drawn by the dotted line drew as the lower layer circuit and the 
continuous line is the upper circuit. Namely, in a lower layer, two waveguides 30 are formed from 
the electric supply pin 29, and it goes via the T junction section 5. Branch to two more waveguides 
3 1 and electric power is supplied by the electric supply pin 32 to the upper trifurcation circuit in the 
trailer of each waveguide. Furthermore, three waveguides 33 are formed in a radial of a trifurcation 
circuit, and electric power is supplied to the trailer by the antenna element (not shown) by the 
electric supply pin 34, respectively. According to this example, parallel feed can be easily carried out 
to 12 antenna elements. 

[0027] If the small thing of a dielectric dissipation factor is used for the dielectric materials which 
form a laminating mold dielectric waveguide by supplying electric power by the laminating mold 
dielectric waveguide in a planar array antenna according to this invention, since the feeder circuit of 
low loss can be formed very much and extraneous emission, such as parallel plate mode, will not 
occur, a planar array antenna with high effectiveness can be obtained. 
[0028] Moreover, since a laminating mold dielectric waveguide is producible using a sheet 
lamination technique, it is excellent in productivity and, as a result, can be produced by low cost. 
[0029] Furthermore, since it can form over two or more layers if a laminating mold dielectric 
waveguide can carry out circuit formation freely in a flat surface and an electric supply pin is used, 
and it has a high degree of freedom in feeder circuit formation and a laminating mold dielectric 
waveguide can adjust track width of face easily further, the wavelength in waveguide can also be 
adjusted, without this changing track length. Consequently, a circuit design becomes very easy. 
[0030] Furthermore, a laminating mold dielectric waveguide has unnecessary conductor thickness 
compared with the conventional waveguide, and since waveguide size can also be made small 
l/epsilonl/2 of the conventional size (epsilon is specific inductive capacity), the planar array antenna 
using this can also be made thin. 
[0031] 

[Effect of the Invention] Since it can form using the conventional sheet lamination technique while 
transmission loss is small and reduces extraneous emission other than an antenna element by forming 
a feeder circuit by the laminating mold dielectric waveguide as compared with a microstrip line, the 
strip line, etc. by waveguide according to the planar array antenna of this invention, as explained 
above, the planar array antenna possessing the feeder circuit which can carry out a circuit design 
freely in low cost can be offered. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawing 1] It is the top view showing an example possessing the feeder circuit which consists of a 
dielectric waveguide of this invention of a planar array antenna. 

[Drawing 2 ] It is a sectional view for explaining the electric supply structure from the dielectric 
waveguide in the planar array antenna of this invention to an antenna element. 
[ Drawing 3] the beer hall of the waveguide corner section in a dielectric waveguide — it is a 
perspective view for explaining an example of the array of a conductor. 

[Drawing 4 ] the beer hall of the waveguide T junction section 5 in a dielectric waveguide — it is a 
perspective view for explaining an example of the array of a conductor. 
[Drawing 5] the beer hall of four tees in a dielectric waveguide — it is a perspective view for 
explaining an example of the array of a conductor. 

[ Drawing 6] It is the top view showing an example of a feeder circuit using the dielectric waveguide 
which has four tees of drawing 5 . 

[Drawing 7] the beer hall of the trifurcation section in a dielectric waveguide — it is a perspective 
view for explaining an example of the array of a conductor. 

[Drawing 8] It is the top view showing an example of a feeder circuit using the dielectric waveguide 
which has the trifurcation section of drawing 7 . 

[Drawing 9] It is a perspective view for explaining the basic structure of the dielectric waveguide in 
this invention. 
[Description of Notations] 

1 Dielectric Waveguide 

2 Antenna Element 

3 Waveguide Electric Supply Section 

4 Waveguide Corner Section 

5 Waveguide T Junction Section 
40 Dielectric Substrate 
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DRAWINGS 
[ Drawing 1] 
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[ Drawing 3] 
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[ Drawing 8] 
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[ Drawing 7] 
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